We propose and realize a novel universal phase insensitive optical amplifier operating at the quantum limit in the low gain regime. The amplifier consists only of linear optics and detectors thus circumventing a nonlinear interaction. A phase insensitive amplifier is a device which isotropically amplifies the input quantum state in phase space, independent of any relative phase apparent in the state. Basic laws of quantum mechanics prevent the possibility of phase insensitive amplification of a quantum state without adding noise to it [1, 2] . But what is the minimum amount of noise imposed onto the quantum state through amplification? Caves derived a fundamental limit for the phase-insensitive amplifier [3] :
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where â out and â in represent the input and output annihilation bosonic operators. G is the power gain and â † int is the internal modes creation operator responsible for the noise addition. For a high gain applied to a shot noise limited input, the output noise power will be at least twice that of a hypothetical noiseless amplifier which is also known as the 3 dB noise penalty because it has the consequence of halving the signal to noise ratio of the input.
Some common examples of phase insensitive amplifiers are solid state laser amplifiers, parametric downconverters and four wave mixers. The origin of the excess noise for laser amplifiers is spontaneous emission, whereas for parametric amplifiers and four wave mixers it is the vacuum fluctuations of the idler mode. In principle all these amplifiers are able to operate at the fundamental limit and can thus be described by equation (1) . However these amplifiers require an efficient coupling of the signal to the amplifying medium via a nonlinear interaction making the realization highly intricate, and normally they operate far from the quantum noise limit dictated by equation (1) .
We propose and experimentally realize a new scheme for universal phase insensitive amplification which relies only on linear optics homodyne detectors and electro-optic feed forward. Our scheme is shown in Figure 1 . A part of the input state is reflected off a beam splitter with reflectivity R and sent to a balanced detector pair where simultaneous measurement of the amplitude and phase quadrature of the state is performed. The outcome of this measurement will be used to displace the remaining part of the input signal via electro-optic feed forward loops. The precise adjustment of the beam slitting ratio is accomplished by rotating a half wave plate in front of a polarizing beam splitter. We show that the input/output relation for our scheme is identical to the one for the fundamental phase insensitive amplifier given in equation (1) when the electronic gain in the feed forward loop is
The laser source was a monolithic continuous wave Nd:YAG laser at 1064 nm. We prepare the input quantum state in phase space by displacing vacuum sidebands via two independently controlled phase and amplitude modulators. We chose 14.3 MHz as the modulation frequency since the laser was measured to be shot noise limited at this frequency. We define our coherent state to occupy a frequency window centered at 14.3 MHz having a bandwidth of 100 kHz.
a2529_1.pdf QFA5.pdf Figure 1 : Experimental scheme. A portion of the input, the amount of which will depend on setting of the half wave plate and polarizing beam splitter (PBS), is directed to a measurement scheme where simultaneous measurement of the amplitude and phase quadrature is performed. The remaining part of the signal is then displaced according to these measurement outcomes, and finally the amplified signal is sent to the homodyne detector for verification.
We quantify the performance of our amplifier using the noise figure, which is defined by the ratio between the output signal-to-noise ratio and the input signal-to-noise ratio, NF = SNR out /SNR in . To extract these parameters we measured the spectral properties of the signal before and after amplification using a spectrum analyzer. We performed experiments for a range of different gains and the results are presented in Figure 2 .
In all amplifiers there exists the phase conjugate amplified output state which ensures unitarity [3] . In downconverters, the idler output is the phase conjugate output state, hence easily accessible. We show that using an entangled ancilla and by injecting one half of the entangled ancilla into the empty port of the variable beam splitter and displacing the other half according to the classical outcomes we can extract the phase conjugated output. We show that in this way the amplifier can be used in phase conjugating configuration with gain R/(1-R) or in a phase preserving configuration with gain 1/(1-R).
The amplifier operates close to the fundamental limit even for low amplification factors. This suggests that there is basically no technical noise invading the amplifier process, and the excess noise is of pure quantum origin. In the field of quantum communication it is crucial to have optimal amplification of information carrying quantum states partly to compensate for downstream losses and partly to enable an arbitrary quantum cloning function, which has recently been demonstrated using the amplifier with a fixed gain [4] . We believe that our amplifier is an ideal candidate for quantum communication and for amplification of non-classical states. 
